Background. Organ availability is affecting the development of liver transplantation in its entirety, leading to transplant teams expanding the criteria for accepting organ donors. In these circumstances, analysis of the impact of the donor's characteristics on graft survival becomes mandatory. Methods. Fifty-two donor variables from 5,150 liver transplants performed in Spain between 1994 and 2001 were analyzed through a univariate analysis. Those with statistically significant impact on graft survival were entered in a Cox regression model with the recipients' characteristics and other factors linked to the graft technique. Results. Several donor factors negatively affect graft survival: donor age, cause of death, body mass index, vasoactive drug administration, prolonged intensive care unit (ICU) stay, increased alkaline phosphatase and liver enzyme levels, low bicarbonate level, and antecedents of hypertension. However, only four can be mentioned as representing a risk for losing the graft when donor variables are controlled with recipient or technique variables in a Cox regression model: donor age, antecedents of hypertension, prolonged ICU stay, and low bicarbonate level. In the same analysis, norepinephrine administration has a relative risk less than 1. Conclusions. The multivariate analysis of the impact of 52 donor characteristics on liver graft survival showed the negative effect of an elderly donor, with hypertension combined with the presence of metabolic acidosis, or a prolonged ICU donor stay. The administration of norepinephrine alone during donor management showed a protective effect.
L
iver transplantation is currently a usual therapeutic approach that has increased dramatically within the last years because of the positive results. The most important factor affecting the whole development of such therapies is the shortage of organs for transplantation. Even in the case of Spain with approximately 34 organ donors per million population and 25 liver transplants per million population/year (the highest organ donation or transplantation rates worldwide), annual mortality for those on the waiting list is approximately 10% (1) . To face this organ shortage, transplant teams developed different alternatives (2) . Among these alternatives we found the acceptance of so-called expanded donors. This led to an increased interest in the analysis of the impact of donor characteristics on graft survival (3) .
Several factors have been identified to be associated with low graft survival and thus considered as risk factors. Among them are the following: elderly or female donor (4 -8) , especially in recipients with hepatitis C virus (HCV) (9, 10) or male recipients, respectively (11, 12) ; vasoactive drug treatment; cardiac arrest (13) ; sustained hypotension; prolonged stay in the intensive care unit (ICU) (3, 14) ; viral or bacterial infectious diseases (15) ; altered biochemical data (hypernatremia or acidosis) (8, 14) ; alcohol intake; and the presence of steatosis (3, 17, 18) . However, it must be stated that most studies involve retrospective data analysis covering only partial aspects and usually few registered charts. There are great discrepancies among the published data and a lack of unanimity in relation to the statement and definition of risk factors.
Spanish organ donor characteristics changed in the last few years. In 1992, only 10% of donors were aged more than 60 years, whereas in 2003 this percentage was 34%, with 16 .5% of the donors aged more than 70 years. The current average organ donor's age is approximately 50 years (19) . Consequently, the number of grafts performed with the organs of elderly donors is high, giving us the opportunity to evaluate and control the exact impact that donor age has on graft survival, alone or in relation with other characteristics related to the donor, recipient, or surgical procedure.
MATERIALS AND METHODS
During 2002 and 2003, the National Organization of Transplants retrospectively reviewed the 5,150 liver grafts performed in patients aged more than 16 years in Spain between 1994 and 2001. Graft survival was analyzed in relation to the characteristics of the donor, recipient, and surgical procedure.
Donor data were collected from the National Organization of Transplants' donor registry database. A new entry is added to this donor registry every time a donor is referred to the office (all donors are referred to the office in due time for the allocation process to be carried out). Data include medical antecedents, clinical characteristics, biochemical data, complementary tests, received treatment, and hemodynamic parameters.
Data related to the recipient's characteristics, technical procedures, and graft evolution were obtained from the Spanish Liver Transplant Registry database.
Statistical Methodology
Descriptive statistical analysis included proportional tests for qualitative data and means and standard deviations for quantitative data. After that, univariate graft survival analysis was conducted with the life-table methodology. The Wilcoxon test was used to compare the different categories. Continuous variables were dichotomized for analysis at points empirically thought to have clinical relevance or using percentiles 75 or 90 as threshold values.
Finally, a Cox proportional hazard multivariate model for survival was computed using all variables with a significant statistical level (PϽ0.10) in the univariate analysis, as well as those considered medically relevant. Variables related to the recipient and the surgical procedure were introduced to control possible confusion factors and to know the exact weight of each variable on graft survival. Those variables were as follows: number of transplants, urgency status, ABO compatibility, sex compatibility, period of transplant performance, mean transplant activity in the center, ischemia time, perfusion liquid, bypass technique, associated transplants, recipient's age, severity status pretransplant of the liver recipient using United Network for Organ Sharing classification, recipient's primary disease, and presence or absence of HCV infection.
Furthermore, the proportionality of the variables' risks was studied, and the variables that did not meet the criteria were modified for the Cox analysis. For all obtained relative risks (RRs), we calculated the statistical significance and confidence interval at the 95% level.
All statistical analysis was performed using SPSS v.10 (SPSS Inc., Chicago, IL). Table 1 shows both qualitative and quantitative variables (52) from the donor analyzed in the 5,150 cases of liver transplant included in the study. Absolute numbers and proportions are shown for qualitative variables. Mean and standard deviation are presented for quantitative variables. Most donors were male (63%) with an average age of 45 years. The main cause of death was a stroke, and approximately 25% were hypertensive with a history of hypertension of 7 years on average. Approximately 6% were diabetic with more than 10 years of diabetic history; 9% had antecedents of alcohol intake, and 38% were active smokers.
RESULTS

Descriptive Analysis of Donor Characteristics
Information on all variables was not available for 100% of the donors. It was especially reduced in cases of hepatitis B surface antibody and hepatitis B core antibody, according to those variables that started being systematically recorded in 2000.
In relation to hemodynamic conditions, 60% received dopamine (average doses of 8.2 g/kg/min), 17% received norepinephrine (0.9 g/kg/min), 6% received dobutamine (average doses of 7.9 g/kg/min), and 3% received epinephrine (8.7 g/kg/min). Approximately 30% of the donors did not receive any vasoactive drug; 16% received a combination of two drugs, and 0.7% received a combination of drugs.
The ICU admission mean time was approximately 3 days (68 hr), but the median time was 1.5 days (38 hr). Thirteen percent of the donors presented with cardiac arrest (mean time of arrest was 17 min), and 40% presented with severe hypotensive episodes with an average duration of 85 min during the donor management.
Bacterial infection was diagnosed in 13% of the donors. Some of them (1%) were anti-HCV positive, 23% tested positive for hepatitis B core antibody, 33% tested positive for hepatitis B surface antibody, and 77% were positive for cytomegalovirus.
Biochemical data can be summarized as follows: mean liver enzyme values were 60.4 U/L for aspartate aminotransferase, 48.5 U/L for alanine aminotransferase, and 45.7 U/L for ␥-glutamyltransferase. Total bilirubin average value was 1 mg/dL, with a mean direct bilirubin value of 0.4 mg/dL. Alkaline phosphatase was 134 U/L. Serum sodium mean value was 147.2 mEq/L, and serum potassium mean value was 3.7 mEq/L. Mean pH value was 7.4 with a bicarbonate average value of 22 mEq/L and PO 2 values of 130.7 mm Hg.
The mean prothrombin activity was 74.8%. Echography was performed in most donors, and there were signs of steatosis in 6% of them.
Bivariate Survival Analysis
Some donor variables showed statistical significance (PϽ0.05) in relation to liver graft survival: donor age, cause of death, body mass index, hypertensive antecedents, abnormal liver enzymes or alkaline phosphatase, time in the ICU, bicarbonate level, dopamine doses, and norepinephrine administration.
Graft survival was better when the donor age was less than 50 years (5-year survival rate of 68%) compared with grafts from donors aged between 50 and 69 years (5-year survival rate of 57%) and more than 70 years (5-year survival rate of 48%) (PϽ0.05). However, there are no statistically significant differences between the last two groups.
Graft survival was better when the cause of death was traumatic (5-year graft survival of 67%) compared with those in whom the cause of death was a stroke (5-year survival rate of 59%) (PϽ0.05). No significant differences were found for other donors' causes of death.
Grafts from donors with higher body mass index (Ͼ25) showed a lower survival rate at 5 years (60%) compared with those from donors with body mass index less than 25 (65%); however, differences were not statistically significant.
Graft survival was worse when the organ donor had hypertensive antecedents (history of hypertension Ͼ3 years and associated antihypertensive treatment) (Fig. 1) . The same can be said when at least one of the three tested liver enzymes (aspartate aminotransferase, alanine aminotransferase, and ␥-glutamyltransferase) was more than 200 U/L. These differences are more evident at short term (1-year graft survival of 78% and 72%, respectively) and minimal at medium term (5-year survival of 62% and 60%, respectively). Grafts from donors with higher alkaline phosphatase activity (Ͼ200 U/L) had worse survival at medium term (5-year survival of 53%) compared with grafts from donors with normal values (5-year survival of 62%). Time in the ICU had a significant influence on graft survival, which was better when the donor had been in the ICU for fewer than 6 days (Fig. 2) . Bicarbonate level showed some impact on graft survival; higher differences were found between levels less than or more than 18 mEq/L (Fig. 3) .
Dopamine infusion more than 15 g/kg/min was associated with worse graft survival. On the other hand, norepinephrine administration was associated with better survival. 
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The norepinephrine dosage did not show any statistically significant differences when analyzed for three different levels: 0.5 g/kg/min, 0.8 g/kg/min, and 1 g/kg/min. Graft survival was better when norepinephrine was administered alone than when dopamine was administered alone, when there was no vasoactive treatment, and when norepinephrine was associated with dopamine, although the differences were not statistically significant (PϽ0.09) (Fig. 4) . Diabetic antecedents (diabetes for Ͼ3 years and associated antidiabetic treatment) and the presence of prolonged hypotension (Ͼ2 hr) during the donor management were statistically significant for a poor survival (Pϭ0.076 and Pϭ0.71 respectively).
The other analyzed variables did not show any impact on graft survival.
Multivariate Analysis
Information on the 27 variables were entered in the multivariate analysis for 3,429 grafts. The variables included were as follows: donor's age, cause of death, norepinephrine infusion, body mass index, liver enzymes, alkaline phosphatase, serum sodium, bicarbonate, history of hypertension, history of diabetes, duration of hypotension, ICU stay, and dopamine dose as donor's characteristics; severity, anti-HCV, ABO compatibility, recipient age, primary liver disease, and sex match as recipient's characteristics; and number of transplants, ischemic time, bypass, transplant period, average year activity, urgency, associated transplant, and perfusion liquid as technical characteristics.
Donor variables associated with graft survival (PϽ0.05) after the Cox proportional hazards method are shown in Table 2 and were as follows: age more than 50 years (RRϭ1.27), age more than 70 years (RRϭ1.4), hypertension (Pϭ0.05) (RRϭ1.16), serum bicarbonate level less than 18 mEq/L (RRϭ1.27), ICU stay more than 6 days (RRϭ1.21), and norepinephrine administration during donor management (RRϭ0.79, protective effect)
Other donor variables that were significant, or almost significant, on the univariate analysis lost their statistical power when introduced on the Cox regression multivariate model: cause of death, body mass index, liver enzyme serum level, alkaline phosphatase, serum sodium, diabetes mellitus antecedents, hypotension, and dopamine administration. Other recipient and technique variables were introduced in the regression model, but they did not reach the level of statistical significance: recipient age, sex compatibility between donor and recipient, ischemia time, type of bypass perfusion liquid, and urgency code.
The transplantation period was introduced in the analysis but remained within the limit of statistical significance (Pϭ0.08).
DISCUSSION
This study presents the univariate analysis of the survival of 5,150 liver grafts performed in adult recipients between 1994 and 2001 in relation to 52 donor variables. Multivariate analysis was performed for 3,429 liver grafts through a Cox proportional hazard model including 26 variables from the donor, recipient, and graft technique.
Some of the results are consistent with published data, and other results are new. Donor age has been described as a risk factor for graft survival in different studies (4 -8) . This is, of course, found in our study; however, there are other analyzed variables showing the same or higher risk ratios. RR for losing the graft when the donor is aged more than 50 years is 1.27. The same RR can be found in the following cases: bicarbonate serum level of the donor less than 18 mEq/L; mean annual transplant center activity fewer than 50 transplants; and ABO compatibility between donor and recipient instead of identical matching. RR for grafts from donors aged more than 70 years (1.40) is less than the RR presented by retransplantation (RRϭ1.51) or the presence of an associated solidorgan transplantation (RRϭ1.86).
Elderly donors cannot simply be discarded as liver donors, but they must be carefully evaluated especially in relation to the development of atheromatosis (20) . In such cases, it becomes mandatory to avoid other risks and be extremely attentive to the presence of hypertension (increased RRϭ1.16).
The prolonged donor ICU stay has been described by some authors as a risk factor (3, 14) ; however, other studies did not find any impact (8, 16, 21) . In our analysis, an ICU stay more than 6 days represents a moderate risk (RRϭ1.21). This can be explained by the associated parenteral nutrition, presence of infections, and a more aggressive hemodynamic donor management.
In regard to the hemodynamic donor management, some published data showed lower survival rates in cases of donors presenting acidosis (14) . Nevertheless, we and others (16) did not find differences when pH values were analyzed. We found a worse graft survival when donor bicarbonate level was low (Ͻ18 mEq/L). This seems to be consistent with the presence of metabolic acidosis, because bicarbonate level varies more slowly than pH level when correction measures are applied.
The protective effect that norepinephrine administration showed on graft survival is the most novel result in our study. Encephalic death status presents an initial abdominal vasoconstriction followed by vasodilatation, generating a decrease in the perfusion pressure. After encephalic death is established, endogenous levels of norepinephrine decreased significantly below basal levels (22) , leading to hypoperfusion, which can be overcome with exogenous norepinephrine administration. The protective effect that we found in our study is maintained even with doses more than 1 g/kg/min, and the results are better when norepinephrine is administered alone without dopamine. In fact, dopamine treatment with doses greater than 15 g/kg/min showed the opposite effect. It is not clear whether acidosis (which is frequent among organ donors) affects the efficacy of dopamine administration. Some studies found lower survival rates of the liver grafts when the donors were treated with high doses of vasoactive drugs (3). However, there are no consistent results in some of the published data. A higher proportion of primary nonfunction has been described for heart transplants when donors were treated with norepinephrine, but this was not the case for liver or renal grafts. In the case of renal transplants, the results were even better (23) .
Perhaps the analysis of the effect of the vasoactive drug administration should take into account other factors such as average blood pressure, maximum and minimum administered doses, time of drug administration, venous filling pressure, and other hemodynamic management parameters.
Sodium level did not affect graft survival in our study. Survival rates at 1 and 3 months, and 1 and 5 years were similar when the serum sodium level in the donor was greater or less than 160 mEq/L. When a threshold was placed on 170 mEq/L, there were some differences, but they were not statistically significant because only 2% of the donors had sodium levels greater than 170 mEq/L. Some authors found that higher levels of serum sodium negatively affected graft survival or were related with a higher proportion of primary nonfunction in grafts (8) . Nevertheless, this was not corroborated in other studies (21) . These differences may be because the correction of the sodium level is crucial and only the sustained hypernatremia represents a risk factor for liver graft survival (24) .
From our study one can conclude that there are several donor factors that negatively affect graft survival: elderly donors, antecedents of hypertension, prolonged ICU stay, and a decrease in the serum bicarbonate level. On the other hand, norepinephrine administration may represent a protective factor. These results appear when controlling donor variables with recipient variables and some technical aspects of the grafting process itself. In that way, among the 26 variables entered in the multivariate analysis, we identified some characteristics as risk factors that were also described by other authors: ICU or hospital recipient stay just before transplantation (7); positive HCV serologic status in the recipient (5); ABO compatibility between donor and recipient instead of identical matching (16); acute liver failure or hepatocellular carcinoma as primary cause for liver transplantation (21); second or third graft (25) ; associated solid-organ transplantation; and a low mean transplant annual activity in the transplant center (26) .
There is some controversy in the identification of the factors that affect liver graft survival. These discrepancies may be attributable to the differences in the number of studied cases or the limited number of analyzed variables. Most of the studies are retrospective analyses and need to be adapted to the available information, which seldom is 100% in all analyzed clinical charts. At the same time, it has to be emphasized that there was no previous definition of the data-collecting process. All of these factors impose limitations on the data analysis.
However, the high number of transplants analyzed in the present study allows us to establish some working hypothesis that needs further study. This includes the role of the norepinephrine administration or the presence of metabolic acidosis. We are currently conducting a prospective multicenter study (in which most Spanish liver transplant centers are involved) that will be completed in 2006 and that will better identify the risk factors for liver graft survival.
